strength 8 . Another sign of magic nature comes from the sudden decrease in two-neutron separation energies-S 2n is shown in Fig. 1b -for the isotopes just beyond the shell closure.
A critical test of the shell closure is to study the single-particle states outside the closed shell. An important metric is the spectroscopic factors (S) of single-particle states in the nuclei with one neutron or one proton beyond the double-shell closure. For a good magic nucleus A, the single-particle strength for a specific orbital in the A + 1 nucleus should be concentrated in one state, resulting in high spectroscopic factors, as opposed to being fragmented through the spectrum of the nucleus.
Situated at the beginning of the neutron 82-126 shell, the single-particle orbitals in 133 Sn are expected to be 2f 7/2 , 3p 3/2 , 1h 9/2 , 3p 1/2 , 2f 5/2 and 1i 13/2 (the five bound states are shown in Fig. 1d ). Candidates for four of these states have been observed 9,10 , with the notable exception of the p 1/2 and the i 13/2 orbitals. The experimental values of the excitation energies of single-particle states just outside a shell closure are important benchmarks for shell-model calculations for more exotic nuclei. Experimental investigations of the single-particle nature of 133 Sn have been confined to -decay measurements 9 and the spectroscopy of prompt -rays after the fission of 248 Cf (ref. 10).
In this region of the nuclear chart, -decay preferentially populates high-spin states in the daughter nucleus. In fission fragment spectroscopy both the production of the daughter nucleus of interest and the techniques used to extract information from the plethora of photons emitted from a fission source favour high-spin states. Therefore, none of the previous measurements of 133 Sn were well suited to the study of low-spin states, and none was a direct probe of the single-particle character of the excitations.
One very sensitive technique for studying low angular momentum, single- (Fig. 3a) prefer the previously inferred 2f 7/2 assignment to an alternative 3p 3/2 single-particle state available close by. Conversely, the 854-keV state (Fig. 3b) can be distinguished as an l = 1 transfer, as would be expected for population of the 3p 3/2 orbital, as opposed to a 2f 7/2 f-wave state. Detection of protons with positionsensitive detectors relies on being able to detect a significant signal from both ends of the resistive strip. As the proton energy decreases with increasing excitation energy of the residual 133 Sn nucleus, the area of the strip that is sensitive is reduced. This leads to a decreased angular coverage and angular resolution for the newly observed 1363-keV and 2005-keV states and precludes the determination of significant angular distributions. Spectroscopic factors could nevertheless be determined by comparison of the angle-integrated cross-sections with those from the DWBA calculations. In Fig. 3c and Fig. 3d Calculations for the 1363-keV state with higher l-transfers resulted in cross-sections that were much lower than the data and are thus ruled out on a sum-rule basis; that is, S ≫ 1 would be required.
Spectroscopic factors are generally sensitive to the choice of the optical potentials (see Supplementary Information). The Strömich potentials 19 provided good fits to the data in terms of shape of the angular distributions and were extracted in a rigorous manner by using elastic scattering and (d,p) data on the last stable tin isotope, 124 Sn. Table 1 Spectroscopic factors can be extracted by using different experimental probes, including electron-induced proton knockout (e,ep), nuclear-induced nucleon knockout (knockout) and various transfer reactions. There has been some controversy during the past decade regarding probe-dependent discrepancies in S. Those extracted from (e,ep)
reactions, for example, consistently have values about 50-60% of the predicted value from shell model calculations 21 . This decrease has been explained as being due to shortrange, high-momentum correlations. An S extracted from transfer by using standard bound-state parameters should be considered as a relative value. When a radius for the bound state is available, either from a reliable density functional theory valid in this region of the nuclear chart (only ground states) or from experiment (only ground states 1.1  0.2 (9  2)  10
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The spectroscopic factors (S) were extracted from the data by using the Strömich optical potentials, a radius parameter r = 1.25 and diffuseness a = 0.65 for the neutron bound state wave function. The asymptotic normalization coefficient (ANC) is quoted as C 2 . All errors are expressed as standard deviations. Excitation energies were taken from the ENSDF database (http://www.nndc.bnl.gov/ensdf/) and the present work.
Supplemental Information
In order to be able to quantify the sensitivity to the optical potentials, the DWBA calculations were repeated for the 
